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A sharp i n c r e a s e  in the number  of mi toses  and b inuc l ea r  ce l l s  and in the s ize  of the nuclei  of 
the hepatocytes  is obse rved  in the l ive r  of r a t s  with subcutaneously  t r ansp lan ted  s a r c o m a  M1. 
If a pe r fo ra t ing  wound of the l iver  is inf l icted in an imals  with t umors ,  the zone of n e c r o s i s  is 
l a r g e r  and the r a t e  of format ion  and ma tu ra t ion  of the granula t ion  t i s sue  is  s lower ,  but d iv i -  
s ion of the hepatocytes  takes place  more  in tensively  than in the cont ro l .  Regenera t ion  of the 
l ive r  in an imals  with tumors  af te r  r e sec t i on  by the method of Higgins and Anderson  takes  
p lace  r a t h e r  more  r ap id ly  than in the control  for the f i r s t  8 days ,  but subsequent ly  the r a t e  
becomes  s lower .  

The p r e s e n c e  of a focus of mal ignant  growth in the body induces functional and morpholog ica l  changes 
in s e v e r a l  organs  including the l i ve r  [1-3, 5]. Insuff icient  a t tent ion has so far  been paid  to the s tudy of r e -  
genera t ive  p r o c e s s e s  in the l ive r  of an imals  with tumors  [7]. 

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on 330 noninbred albino r a t s  weighing 120-150 g and subdivided into 3 
groups .  Some of the an ima l s  had no tumors ,  while the r e s t  had a s a r c o m a  M1 t r ansp lan ted  subcutaneously  
on the r ight  s ide  of the abdomen.  The s ta te  of the l i ve r  a t  va r ious  t imes  a f t e r  t r ansp lan ta t ion  of the tumor  
was s tudied in 60 an ima l s  of group 1; pe r fo ra t ing  wounds of the cen t r a l  lobe of the l i ve r  were  inf l ic ted 
with a meta l  rod 2 mm thick on 80 an imals  of group 2 on the 8th, 15th, and 22nd days  of growth of the tumor;  
p a r t i a l  hepa tec tomy by the method of Higgins and Anderson  was p e r f o r m e d  on the r a t s  of group 3 on the 8th 

a n d  15th days of t umor  growth.  The an imals  were  decapi ta ted  1, 2, 4, 8, 16, 22, 30, and 45 days a f te r  the 
beginning of the expe r imen t ,  and the body of the ra ts  and the tumor  and l ive r  were  weighed.  Groups of 10- 
15 an ima l s  were  s a c r i f i c e d  8, 16, and 22 days a f te r  the beginning of the expe r imen t ,  and groups of 5-7 ani -  
mals  at  o ther  t imes .  P ieces  of l ive r  were  fixed in Z e n k e r - f o r m o l  and in 12% neut ra l  f o r m a l i n  solut ion and 
embedded in ce l lo id in -pa ra f f in .  Sect ions were  s ta ined with hema toxy l in -eos in ,  g lycogen was de tec ted  by 
the PAS- reac t ion ,  l ipids  by Sudan HI, and the a r gy r oph i l i c  m a t r i x  of the l ive r  was impregna ted  with s i l v e r  
by Foo t ' s  method. The concent ra t ion  of nuclei  was de t e rmined  by counting them in a s t andard  f ield of v i s ion  
(50-60 fields of v is ion containing 4440-5800 ce l l s  were  examined) .  The number  of hepatocytes  dividing by 
mi tos i s  and the number  of b inuc lea r  hepatocytes  were  counted. The d i a m e t e r  of the nuclei  was de t e rmined  
by m e a s u r i n g  100 nuclei  with an ocula r  m i c r o m e t e r  in each case .  To a s s e s s  r egene ra t ion  of the l iver  i ts 
r e l a t ive  weight was obtained and the i nc rea se  in weight of the r e ge ne r a t i ng  l ive r  e x p r e s s e d  as  a pe rcen tage  
of the in i t ia l  weight of the l i ve r  r e s idue  [6]. The glycogen and l ipid content and the s ize  and number  of the 
loci  of n e c r o s i s  were  a s s e s s e d  by a 4-point  s y s t e m .  

E X P E R I M E N T A L  R E S U L T S  

During growth of the tumor ,  i n f l ammato ry ,  degenera t ive ,  and c o m p e n s a t o r y - r e g e n e r a t i v e  changes de -  
veloped in the r a t s '  l i ve r .  The absolute  weight of the l ive r  in the an imals  with tumors  was s igni f icant ly  
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TABLE 1. Changes  in  R e g e n e r a t i n g  L i v e r  of Rats  Without  T u m o r s  

and With S a r c o m a  M1 
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oper - 
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Binuclear Concen- 
0/0o)lhepatocytes tration of 

Mitosis (in (in ~ nuclet 

Diameter of Gly- Foci 
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0,17+--0,006 
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5,9-- + 1 
1,8-+ 0,36 
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0,24_+ 0,004 

Animals without tumors 

60+- 1 145-+ 1 
50_+2 122-+ 1 
35,+- 2 126--- + I 
23 +- 2 137-+ 2 
17-+ 1 150-+ 2 
26_+ 1 136- + 1 
37-+ 1 142_+ 1 

7,8+- 0,25 + +  
7,28+-0,25 
7,1+- 0,196 
7,0+- 0,28 §  O 
6,9+- 0,224 ~-'+' 1 6,8+ 0,148 , TT 0 

Partial hepatectomy on 8th day of tumor growth 

2,0+0,026 102+3 147_+1 7,0_+0,14 
20,0- + 3,3 43 + - 3 123+- 2 7,6+- 0,28 
38,0+- 1,9 49_+ 2 122_+ 1 8,12_+ 0,28 
7,0- + 1,09 66_+3 128+- 1 7,0_+ 0,196 
2,4+-0,65 64_+4 140_+2 6,16_+ 0,196 
1,5+- 0,03 62+-3 150+- 1 6,16+-0,196 

partial hepatectomy on 15th day of tumor growth 

2,1 +- 0,49 104- + 2 138+- 1 7,4+- 0,14 
1,8_+0,7 76+-2,7 1 2 7 + - 2  6,8_+0,148 
6,6+- 1,5 65_+ t 122_+ 1 7,6-+0,196 
4,5+0,54 75-+2,7 111-+ 1 7,5• 0,196 
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Fig.  1. Changes  in  l i v e r  of r a t s  with s a r -  
c o m a  MI:  a) g lycogen  in l i v e r  of n o r m a l  
ra t ;  b) g lycogen  in  l i v e r  of r a t  22 days a f -  
t e r  t r a n s p l a n t a t i o n  of s a r c o m a  M1. PAS 
r e a c t i o n ,  360 • 

h igher  than in  the con t ro l  by  the 8th day of t u m o r  growth 
(6.3+0.3 g c o m p a r e d  wi th  5 .5+0.22 g), and this  d i f f e r ence  
r e m a i n e d  without  any  s ign i f i can t  changes  in  the fu tu re .  The 
r e l a t i v e  weight  of the l i ve r  in  the t u m o r - c a r r y i n g  a n i m a l s  
cont inued  to i n c r e a s e  throughout  the per iod  of o b s e r v a t i o n ,  
and at the end of 1 month  i t  was 5.8+0.3% c o m p a r e d  with 
3.9+0.1% in the con t ro l .  

Dur ing  growth of the s u b c u t a n e o u s l y  t r a n s p l a n t e d  

t u m o r s ,  the g lycogen con ten t  in  the hepa tocytes  fell  p r o -  
g r e s s i v e l y  (Fig.  l a ,  b), and fatty d e g e n e r a t i o n  with cloudy 
swe l l ing  and i n t r a c e l l u l a r  edema  developed in  the l i v e r  
with death of s o m e  of the hepa tocy tes  and the f o r m a t i o n  of 
loci  of n e c r o s i s  of the p a r e n c h y m a  by  the end of ~ month .  
The c o m p e n s a t o r y - r e g e n e r a t i v e  changes  took the f o r m  of 
an  i n c r e a s e  in  s i ze  of the hepa tocy tes ,  r e f l ec t ed  in a de -  

c r e a s e  in  the c o n c e n t r a t i o n  of t he i r  nuc l e i  in  a s t a n d a r d  a r e a  (147 +1 on the 8th day a f t e r  t r a n s p l a n t a t i o n  
of the t u m o r ,  138+1 on the 15th day,  and 115+3 on the 22nd day),  an  i n c r e a s e  in  the s i ze  of the nucle i  of 
the hepa toeytes  (7.0•  g on the 8th day a f t e r  t r a n s p l a n t a t i o n  of the t u m o r ,  7 . 4 + 0 . 1 4 / t o n  the 15th day,  
and 7.8+0.19 # on the 22nd day), an  i n c r e a s e  in  the n u m b e r  of b i n u c l e a r  hepa tocy tes  ( f rom 22 to 83~/nn on 
the 30th day of t u m o r  growth),  and a p r o g r e s s i v e  i n c r e a s e  in  the n u m b e r  of m i t o s e s  ( f rom 1%0 on the 4th 
d a y t o  12~ the 30th day  of t u m o r  growth) .  In  the s t r o m a  of the l i v e r ,  c o a r s e n i n g  of the a r g y r o p h i l i c  
m a t r i x  and  a s h a r p  i n c r e a s e  in the n u m b e r  of Kupffer  ce l l s  w e r e  o b s e r v e d .  

Hea l ing  of the p e r f o r a t i n g  wounds of the l i v e r  in  the con t ro l  and e x p e r i m e n t a l  r a t s  took p lace  by 

s c a r  f o r m a t i o n .  In  the p a r e n c h y m a  of the l ive r  of the c on t r o l  a n i m a l s  s o l i t a r y  hepa tocy tes  d iv id ing  by 
m i t o s i s  we re  found n e a r  to the wound.  In the r a t s  with t u m o r s  unde rgo ing  ope ra t i ons  in  the e a r l y  pe r iod  of 
t u m o r  growth  the n u m b e r  o f m i t o s e s  in  the hepa toey tes  a r o u n d  the wound was i n c r e a s e d  to 1.0+0.07~ 
whi le  in those  u n d e r g o i n g  ope ra t i on  of the 22nd day of growth  of the t u m o r  i t  was 4.011.5~00 on t he  4th day 
and 8.0+1.2~ on the  8th day a f t e r  wounding ,  and the nuc l e i  of the hepa tocy tes  w e r e  e n l a r g e d  (7.8+0.28 p) .  
Hea l ing  of the wound in  the a n i m a l s  with t u m o r s  took p lace  a g a i n s t  a b a c k g r o u n d  of i n t ens i f i ed  d i v i s i o n  of 
the l i v e r  c e i l s ,  bu t  s c a r  f o r m a t i o n  was  de layed  c o m p a r e d  with the con t ro l .  The  r e a s o n  for  th is  was  that  
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the l i v e r  t i s s u e  of a n i m a l s  wi th  t u m o r s  is m o r e  s e n s i t i v e  to i n j u r y ,  and a f t e r  t r a u m a  an  e x t e n s i v e  zone 
of  n e c r o s i s  is  f o r m e d ,  r e q u i r i n g  l onge r  t i m e  fo r  i t s  o r g a n i z a t i o n .  A s i m i l a r  p i c t u r e  was  o b s e r v e d  du r ing  
hea l ing  of  sk in  wounds in r a t s  wi th  t r a n s p l a n t e d  s a r c o m a  45 [4]. 

R e g e n e r a t i o n  of  the  l i v e r  a f t e r  r e m o v a l  of  t w o - t h i r d s  of i ts  m a s s  in the a n i m a l s  wi th  t u m o r s  took 
p l a c e  in 2 p h a s e s .  Dur ing  the f i r s t  8 days  a f t e r  p a r t i a l  h e p a t e c t o m y ,  r e s t o r a t i o n  of the a b s o l u t e  we igh t  of  
the l i v e r  took p l a c e  r a t h e r  m o r e  r a p i d l y  than in the c o n t r o l  (5.3•  and 4 .2•  g r e s p e c t i v e l y ) ,  whi le  
by  the 16th day  the we igh t  of  the  r e g e n e r a t i n g  l i v e r  was  l e s s  than  in the c o n t r o l  (4.6•  and 5 .3•  g 
r e s p e c t i v e l y ) .  The r e l a t i v e  we igh t  of  the  r e g e n e r a t i n g  l i v e r  in the a n i m a l s  wi th  t u m o r s  was  h i g h e r  than  
tha t  of  the c o n t r o l  r a t s  th roughou t  the  p e r i o d  of o b s e r v a t i o n .  

Mi to t i c  a c t i v i t y  of the  h e p a t o c y t e s  of  the  r e g e n e r a t i n g  l i v e r  depended  on the p h a s e  of  t u m o r  growth :  
in r a t s  with s m a l l  t u m o r s  ( ope ra t i on  on the 8th day  of g rowth  of  s a r c o m a  M1) it was  be low tha t  in the con-  
t r o l ,  and the n u m b e r  of m i t o s e s  r e a c h e d  a m a x i m u m  48 h, and not 24 h, a f t e r  the o p e r a t i o n  (Table  1), a l -  
though it r e m a i n e d  t h e r e  fo r  a l o n g e r  t ime ;  in the  r a t s  wi th  l a r g e  t u m o r s  ( o p e r a t i o n  on the 15th day  of  
g rowth  of the s a r c o m a )  the  i n c r e a s e  in m i t o t i c  a c t i v i t y  of  the  h e p a t o c y t e s  was  s l i gh t ,  but  the c o n c e n t r a t i o n  
of  hepa tocy t e  nuc le i  was  s h a r p l y  r e d u c e d  and they  w e r e  i n c r e a s e d  in s i z e .  In the a n i m a l s  of th is  s e r i e s  of 
e x p e r i m e n t s  the t u m o r s  g r e w  v e r y  r a p i d l y  a f t e r  the o p e r a t i o n  and the r a t s  d ied  on the 5 th-Sth  day  a f t e r  
partial hepatectomy. 

The glycogen content in the hepatocytes of the regenerating liver in the animals with tumors was not 
restored, but by the end of the experiment glycogen had completely disappeared, although in the control 
its content was fully restored. 

Simultaneously with the formation of new hepatoeytes in the liver of the animals with t~amors, degen- 
erative changes developed whieh, in some cases, progressed to the formation of foci of necrosis, the num- 
ber and size of which were greater in the case of partial hepatectomy on the 15th day of tumor growth. 
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